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Description 

The present invention relates to a method and 
apparatus for marking a moving body of material using 
a high energy density beam. 

Many products are manufactured or processed on 
production lines with the product concerned moving 
continuously from one work station to another until all 
the manufacturing or processing steps have been com- 
pleted. Often the marking of the product is incorporated 
into the production line establishing a requirement for a 
device capable of marking the product without 
adversely affecting the continuous movement of the pro- 
duction line. 

One such device in use today is the ink jet marker 
which is capable of directing a controlled jet of ink on to 
a moving package so as to produce a desired indicium. 
Such devices are capable of marking up to 1000 items 
a minute but require constant attention and frequent 
overhaul to prevent the nozzle of the ink jet from fouling. 
Such an overhaul may necessitate the shutting down of 
the production line with a consequent loss in manufac- 
turing or processing time. Furthermore, devices of this 
type consume a large quantity of materials such as ink 
and solvent resulting in them having a significant run- 
ning cost. Questions have also been raised as to the 
indelibility of the resulting mark 

Laser marking on the other hand, offers a clean and 
elegant alternative to ink jet marking and provides the 
body concerned with a truly indelible mark. 

Broadly speaking, current commercial laser mark- 
ing techniques fall within one of two categories. In the 
first of these categories a beam of unfocused laser radi- 
ation is passed through a mask so as to produce the 
desired pattern while in the second a beam of laser radi- 
ation is scanned across the object concerned tracing 
out the desired pattern. 

US Patent No. 4,758,703 provides an example of a 
marking technique falling into the first category and it 
describes a method of covertly encoding a microscopi- 
cally visible pattern onto the surface of a moving object. 
In the method described, the presence of a moving 
object is sensed and the speed of its approach meas- 
ured so that at the appropriate moment, when the object 
passes the laser head, a beam of unfocused laser radi- 
ation is directed onto the object through a mask. It is the 
mask that is responsible for generating the pattern of 
the marking and comprises a mask plate having a 
cross-sectional area greater than that of the beam and 
incorporates a matrix of holes which may or may not be 
obscured. Having passed through the mask, the beam 
is focused to reduce the size of the pattern produced on 
the surface of the package as well as to increase the 
intensity of the beam. In the particular method 
described, the intensity of the beam is carefully control- 
led so that the final pattern is barely etched on to the 
surface and remains invisible to the naked eye. 

The Applicant's own co-pending UK Patent Applica- 
tion No. 2247677 provides an example of a scanning 



method of laser marking and relates to a method and 
apparatus for providing a body of material with a sub- 
surface mark in the form of an area of increased opacity 
to electromagnetic radiation. The method comprises the 

5 steps of directing at a surface of the body a high energy 
density beam to which the material is transparent and 
bringing the beam to a focus at a location spaced from 
the surface and within the body so as to cause the local- 
ised ionisation of the material. UK Patent Application 

to No. 2247677 additionally relates to a body marked in 
accordance with the said method or by use of the said 
apparatus. 

Although the scanning laser marking technique has 
the advantage of being more flexible in that the shape of 

is the desired mark may be changed externally without 
interrupting the operation of the laser to change a mask 
element, the technique has yet to be widely used com- 
mercially for marking moving bodies because of fears 
that the resulting mark would be blurred or else 

20 "stretched" in the direction of motion of the body. This 
fear has often confined the scanning laser marking 
technique to applications in which the body to be 
marked is stationary leaving moving bodies to be 
marked using the masked beam technique although the 

25 clarity of the resulting mark using this technique is also 
ultimately limited by the speed of movement of the mov- 
ing body. 

Having said that one scanning system intended for 
use in the marking of moving objects is described in EP- 

30 A-0,400,476. In this system workpieces are guided 
along a conveyor belt at an almost constant speed. A 
laser beam is guided in accordance with the speed of 
movement of the workpieces which is detected by a 
transducer adjacent the conveyor belt. 

35 According to a first aspect of the present invention, 
there is provided a method of marking a succession of 
bodies moving along a predetermined path comprising 
the steps of directing a high energy density beam at a 
body to be marked, concentrating the beam so as to 

40 produce an illuminated spot at a location on or within the 
moving body, moving said spot, and controlling the 
movement of the spot so that said movement is in 
accordance with the resultant of two components of 
movement, the first being equal to the velocity of the 

45 moving body and the second being relative to the mov- 
ing body so as to create a mark of a predetermined 
shape, characterised in that the method further com- 
prises the steps of detecting the presence of the body to 
be marked at a predetermined location along said path 

so prior to the step of directing the high energy density 
beam at said body and controlling the movement of the 
spot in response to the detection of the body at said pre- 
determined location so that the controlled movement is 
initiated in such a way that the spot impinges upon the 

55 body at a desired location. 

In a preferred embodiment there is included the 
additional step of determining the velocity of the moving 
body Whilst it is recognised that the velocity of the mov- 
ing body may be determined by monitoring the speed of 
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movement of the means used to transport the body, the 
velocity of the moving body is preferably determined by 
means of direct measurement 

Advantageously, the high energy density beam is 
directed at the moving body by causing the path of the 
moving body to intersect the path of the actuated high 
energy density beam and actuating the high energy 
density beam at a predetermined time after the moving 
body passes a position a known distance from the point 
of intersection, that time being dependant upon the 
velocity of the moving body. 

In a particular embodiment wherein the mark com- 
prises a sub-surface mark, the high energy density 
beam is preferably brought to a focus at a location within 
the moving body so as to cause localised ionisation of 
the material of which the body is formed and the crea- 
tion of a mark in the form of an area of increased opacity 
to electromagnetic radiation. In such an embodiment 
the moving body may be transparent to electromagnetic 
radiation at wavelengths within the visible region 
thereby rendering the mark visible to the naked eye. For 
example, the material may be of glass or plastics. Alter- 
natively, the moving body may be opaque to electro- 
magnetic radiation at wavelengths within the visible 
region so that the mark may only be "seen" by optical 
instruments operating at an appropriate wavelength 
within the electromagnetic spectrum. While such a mark 
is not capable of performing many of the functions of its 
visible counterpart it does represent a truly indelible 
covert mark. 

In this or any other embodiment, the mark may 
comprise one or more numerals, letters or symbols or a 
combination thereof which in turn may represent an 
identification, a trade mark, a machine readable code or 
any other desired indicium. In addition, the mark may be 
three dimensional. 

According to a second aspect of the present inven- 
tion, there is provided an apparatus tor marking a suc- 
cession of bodies moving along a predetermined path 
comprising means for creating a high energy density 
beam and directing the beam at a body to be marked, 
means for concentrating the beam so as to produce an 
illuminated spot at a location on or within the moving 
body, means for moving said spot, and means for con- 
trolling said moving means to provide controlled move- 
ment of the spot in accordance with the resultant of two 
components of movement, the first being equal to the 
velocity of the moving body and the second being rela- 
tive to the moving body so as to create a mark of a pre- 
determined shape, characterised in that the apparatus 
further comprises means for detecting the presence of 
the body to be marked at a predetermined location 
along said path, said means for controlling being 
responsive to said means for detecting to initiate said 
controlled movement so that the spot impinges upon the 
body at a desired location. 

Advantageously, the means for moving the spot 
includes means for moving the spot in accordance with 
said second of the two components of movement said 



means comprising at least one moveable mirror dis- 
posed in the path of the beam The movement of the 
mirror may be controlled in accordance with a computer 
program enabling the final shape of the mark to be eas- 

5 iry manipulated while the moveable mirror itself may 
comprise a galvanometer mirror. Whilst it is recognised 
that any suitable means may be provided to move the 
mirror such as a servo motor or manual joy stick, the 
properties of a galvanometer mirror provide a speed of 

10 response and an ease of control that represent a signif- 
icant advantage over alternative control means. 

In a preferred embodiment, the means for moving 
the spot in accordance with said second of the two com- 
ponents of movement is also capable of moving the spot 

is in accordance with said first of the two components. 

In another embodiment the means for moving the 
spot includes adcStional means for moving the spot in 
accordance with the said first of the two components of 
movement, the means preferably including at least one 

so rotatably mounted mirror whose speed of rotation is var- 
ied in accordance with the velocity of the moving body. 

In a further embocfimentthe rotatably mounted mir- 
ror of the preceding embodiment is multi-faceted. 
In yet a further embodiment the means for moving 

25 the spot in accordance with said first of the two compo- 
nents of movement includes at least one mirror move- 
able at the same velocity as the moving body. 

In yet a further embodiment the means for moving 
the spot in accordance with the said first of the two com- 

30 ponents of movement includes at least one acousto- 
optic or electro-optic crystal. 

In a preferred embodiment there is further provided 
means for determining the velocity of the moving body. 
Whilst ri is recognised that the velocity of the moving 

3$ body may be determined by monitoring the speed of 
movement of the means used to transport the body, the 
velocity of the moving body is preferably determined by 
means of direct measurement. For example, in a partic- 
ular arrangement, the velocity of the moving body may 

40 be determined by measuring the time taken for the mov- 
ing body to travel between two opto-detectors spaced a 
known distance apart 

Advantageously, the high energy density beam is 
directed at the moving bony by causing the path of the 

45 moving body to intersect the path of the high energy 
beam when actuated and providing means to actuate 
the high energy density beam at a predetermined time 
after the moving body passes a position a known dis- 
tance from the point of intersection, that time being 

so dependant upon the velocity of the moving body. 

The means for concentrating the beam may include 
a lens element having a focal length that varies across 
its width so as to compensate for a particular de-focus- 
ing effect Alternatively, or in addition, the means for 

55 concentrating the beam may include a zoom lens to 
either again compensate for a particular de-focusing 
effect or to enable marks to be made at different depths 
within the body and so allow for the creation of three 
dimensional marks. In a particular arrangement, the 
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means for concentrating the beam may include a 
diverging lens. 

In a particular embodiment, wherein the mark com- 
prises a surface mark, the means for creating a high 
energy density beam preferably comprises a CQ2 laser, s 

In an embodiment wherein the mark comprises a 
sub-surface mark, the means for creating a high energy 
density beam preferably comprises a laser which is 
focused so as to have a peak energy density at the 
focus of a least 10 J/cm 2 . This peak energy density is 10 
preferably achieved by means of a laser which is 
focused to have a power density at the focus of at least 
10 7 W/cm 2 and is pulsed with a pulse duration of at 
least 10' 6 seconds, rf in such circumstances, the body 
of material to be marked is transparent to electromag- 15 
netic radiation at wavelengths within the visible region, 
then the means for creating the required high energy 
density beam is preferably a Nd-YAQ (Neodymium- 
doped Yrttrium Aluminium Garnet) laser operating at a 
wavelength of 1 .06 \im. 20 

Advantageously, a secondary source of visible 
laser radiation may be provided to facilitate alignment of 
the high energy density beam. 

A conveyor belt is preferably provided to transport 
the moving body and in such circumstances the con- ss 
veyor belt may be provided with means to control the lat- 
eral position of the moving body relative thereto. 

A number of embodiments of the present invention 
will now be described, by way of example, with refer- 
ence to the accompanying drawings, in which: 30 

Figure 1 is a schematic plan view of a laser marking 
station in accordance with the second aspect of the 
present invention in which a marking apparatus and 
sensing module are shown disposed adjacent a ss 
continuously moving conveyor belt: 

Figure 2 is a schematic diagram of the sensing 
module of Figure 1 ; 

40 

Figure 3 is a schematic diagram of the marking 
apparatus of Figure 1 ; 

Figure 4 is a schematic diagram of the way in which 
electrical power is distributed throughout the mark- 45 
ing apparatus of Figure 1 ; 

Figure 5 is a flow diagram of the combined opera- 
tional sequence of the marking apparatus and 
sensing module of Figure 1 ; so 

Figure 6 is schematic diagram of a marking appara- 
tus in accordance with a second embodiment; 

Figure 7 is a schematic diagram of a marking appa- ss 
ratus in accordance with a third embodiment; and 

Figure 8 is a schematic diagram of a marking appa- 
ratus in accordance with a fourth embodiment 



The laser marking station 6hown in Figure 1 com- 
prises a marking apparatus 10 and a sensing module 
1 2 both of which are contained within a protective hous- 
ing 14 that straddles a continuously moving conveyor 
belt 16. 

The conveyor belt 16 is generally of sufficient width 
to transport to the laser marking station a body of mate- 
rial to be marked and is further defined by a moving web 
18 and two vertically projecting side rails 20 and 22. 
Typically the first of the two side raits 20 is fixed relative 
to the moving web 18 while the other side rail 22 is 
moveable relative thereto by means of an adjusting 
screw 24. Upon lightening the adjusting screw 24 the 
distance between the two side rails 20 and 22 is 
decreased thereby narrowing the effective width of the 
conveyor belt 16. 

The body of material to be marked, which in the 
accompanying drawings is depicted as a glass bottle 
26, is transported to the laser marking station by the 
conveyor belt 16 and enters the protective housing 14 
by a first opening 28. Thereafter the body 26 is trans- 
ported past the sensing module 12 and the marking 
apparatus 10 before passing out of the protective hous- 
ing 14 through a second opening 30. For the purposes 
of safety the distance between the marking apparatus 
10 and either of the first or second openings 28 or 30 is 
such as to ensure that an operator can not accidentally 
reach inside the protective housing 14 and place his or 
her hand in front of the marking apparatus 10. 

The sensing module 12 is shown in greater detail in 
Figure 2 and comprises a pair of opto-detectors 32 and 
34 disposed side by side adjacent the conveyor belt 16. 
Each of the opto-detectors 32 and 34 includes a light 
source 36 and a suitable detector 38 and is aligned with 
one of a pair of respective retro-reflectors 40 or 42 dis- 
posed on the opposite side of the conveyor belt 16. 
Light is emitted from the light source 36 toward the 
associated retro-reflector whereupon it is reflected back 
toward the opto-detector and detected by the detector 
38. Thus when there is nothing placed between an opto- 
detector and its corresponding retro-reflector, as shown 
in relation to opto-detector 34 in Figure 2, the quantity of 
light detected by the detector 38 is a maximum. How- 
ever, when the optical path between an opto-detector 
and the its corresponding retro-reflector is obstructed 
by, for example the passage of the body to be marked 
along the conveyor belt 16 as shown in Figure 2 in rela- 
tion to opto-detector 32, then the quantity of light 
reflected by the corresponding retro-reflector, in this 
case retro-reflector 40, and detected by the detector 38 
falls below a pre-set threshold value and an appropriate 
signal is generated. 

In order to enhance the sensitivity of each of the 
opto-detectors 32 and 34, the light source 36 is selected 
so as to emit light in the visible or near infra-red region 
of the electromagnetic spectrum whilst the detector 38 
is chosen not only to be selectively sensitive to this par- 
ticular frequency range but also to be responsive only to 
light having the polarisation characteristics of the 
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source 36. In this way the detector 38 is insensitive to 
light emanating from sources other than the light source 
36 or to light reflected from surfaces other than the 
associated retro-reflector such as, for example, from the 
surface of the body to be marked since such reflections 
would typically possess different polarisation character- 
istics. 

The marking apparatus 10 is shown in greater 
detail in Figure 3 and comprises of source 44 of laser 
radiation 46 which is directed so as to interest the path 
of the moving body 26. 

In a first embodiment the marking apparatus 10 is 
designed so as to facilitate the surface marking of the 
moving body 26. To this end laser radiation of a suffi- 
cient energy density is directed toward the body 26 
causing areas of the surface impinged thereby to melt 
and r el tow leaving a resulting mark. In the particular 
embodiment illustrated in Figure 3 the source 44 com- 
prises an RF excited simulated continuous-wave carbon 
dioxide (C0 2 ) laser that emits a beam of laser radiation 
46 having a wavelength of 1 0.6jim and which is conse- 
quently invisible to the naked eye. Having been emitted 
from the C0 2 laser 44, the beam of laser radiation 46 is 
incident upon a first reflecting surface 48 that directs the 
beam 46 through a beam expander 50 and a beam 
combiner 52 to a second reflecting surface 54. A sec- 
ond source of laser radiation, in the form of a low power 
He-Ne (Helium-Neon) laser 56, is disposed adjacent to 
the C0 2 laser 44 and emits a secondary beam of visible 
laser radiation 58 with a wavelength of 638nm. The sec- 
ondary beam 58 impinges upon the beam combiner 52 
where it is reflected toward the second reflecting sur- 
face 54 coincident with the beam of laser radiation 46 
from the C0 2 laser 44. Thus the necessary properties 
of the beam combiner 52 are that it should transmit 
electromagnetic radiation with a wavelength of 10.6jim 
whilst reflecting electromagnetic radiation with a wave- 
length of 638nm. In this way the He-Ne laser beam 58 
provides the combined C0 2 /He-Ne beam 46, 58 with a 
vistole component that facilitates optical alignment. 

Once combined, the two coincident beams 46, 58 
are reflected at the second reflecting surface 54 toward 
a third reflecting surface 60 and from the third reflecting 
surface 60 are further reflected toward a fourth reflect- 
ing surface 62. From the fourth reflecting surface 62 the 
combined beam 46, 58 is reflected yet again toward a 
head unit 64 from whence the combined beam 46, 58 is 
finally directed so as to intersect the path of the moving 
body 26. In order to facilitate marking at different 
heights from the base of the body 26, the third and 
fourth reflecting surfaces 60 and 62 are integrally 
mounted, together with the head unit 64, so as to be 
adjustable in a vertical plane under the action of a step- 
ping motor 66 (not shown). 

Within the head unit 64 the combined C0 2 /He-Ne 
beam 46, 58 is sequentially incident upon two moveable 
mirrors 68 and 70. The first of the two mirrors 68 is dis- 
posed so as to be inclined to combined beam 46, 58 
that is incident upon it as a result of reflection from the 



fourth reflecting surface 62 and is moveable in such a 
way to cause the beam reflected therefrom to move in a 
vertical plane. The second of the two mirrors 70 is simi- 
larly inclined, this time to the beam 46. 58 that is inb- 

5 dent upon H as a result of reflection from the first mirror 
68 and is moveable in such a way as to cause a 
reflected beam 46, 58 to move in a horizontal plane. 
Consequently it will be apparent to those skilled in the 
art that the beam 46. 58 emerging from the head unit 64 

io maybe moved in any desired direction by the simultane- 
ous movement of the first and second mirrors 68 and 
70. In order to facilitate this movement the two move- 
able mirrors 68 and 70 are mounted on respective first 
and second galvanometers 72 and 74. Whilst it is recog- 

15 nised that any suitable means maybe provided to con- 
trol the movement of the two mirrors 68 and 70, such as 
by the use of individual servo motors or a manual joy- 
stick, the approach adopted combines a speed of 
response with an ease of control that represents a sig- 

20 nif icant advantage over alternative control means. 

Emerging from the head unit 64, the combined 
beam 46, 58 is focused by passing through a lens 
assembly 76 which may include one or more lens ele- 
ments. A first lens element 78 is capable of bringing the 

25 beam 46, 58 to a focus at a chosen location on the sur- 
face of the body to be marked. As is well known, the 
maximum power density of the beam 46, 58 is inversely 
proportional to the square of the radius of the beam 46, 
58 at its focus which in turn is inversely proportional to 

30 the radius of the beam 46, 58 that is incident upon the 
focusing lens 78. Thus for a beam 46, 58 of electromag- 
netic radiation of wavelength X and radius R that is inci- 
dent upon a lens of focal length f, the power density at 
the focus E, is to a first approximation, given by the 

35 expression: 



40 

Where P is the power produced by the laser. From this 
expression the value and purpose of the beam 
expander 50 is readily apparent since increasing the 
radius of the beam R serves to increase the power den- 

45 sity E at the focus. In addition, the lens element 78 is 
typically a short focal length lens having a focal length in 
the range between 70mm and 80mm so that typical 
power densities is at the focus of the beam 46, 58 are in 
excess of 300 W/cm 2 . At power densities of this order 

so thermal interactions occur at the surface of the body to 
be marked 26 in which the incident radiation 46, 58 is 
absorbed as heat. This localised heating causes the 
surface of the body 26 to melt and reflow leaving a 
residual mark inscribed upon the surface. By moving 

55 the focus of the beam 46, 58 using the mirrors 68 and 
70 the mark maybe made to a predetermined shape 
and in particular, maybe made to comprise one or more 
numerals, letters or symbols or a combination thereof 
which in turn may represent an identification, a trade 
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mark, a machine readable code or any other desired 
indicium. 

The power density required to stimulate thermal 
interactions at the surface of the body will, of course, 
depend upon the material of the body and the speed at 
which the beam 46,58 is scanned. Materials such as 
perspex may be marked using a beam 46,58 having a 
power density of as little as approximately SOW/cm 2 
while to mark some metals it is necessary for the beam 
46,58 to have a power density of approximately 
1 MW/cm 2 . Bodies made of glass fall between these two 
extremes and may be marked using a beam 46,58 hav- 
ing a power density of in excess of SOOW/cm 2 and a 
scanning speed of 3m/sec. 

In the interests of safety, the two lasers 44 and 56 
and their respective beams 46 and 58 are enclosed 
within a safety chamber 80 as shown in Figure 4 with 
the combined beam 46, 58 emerging from the safety 
chamber 80 only after passing through the lens assem- 
bly 76. Access to the two lasers 44 and 56 and the var- 
ious optical elements disposed in the path of the 
respective beams 46, 58 is gained by means of a door 
panel 82 which is fitted with an interlock 84 that prevents 
the operation of the C0 2 laser 44 while the door panel 
82 is open. It is to be noted that the He-Ne laser 56 need 
not necessarily be fitted with an interlock in the same 
way since it only operates at a very low power and does 
not represent a significant danger to a skilled operator. 

A single phase electrical mains supply of 240V is 
fed via the door panel interlock 84 to a mains distribu- 
tion unit 86 that is disposed below, and isolated from, 
the safety chamber 80 in order to prevent any electrical 
effects interfering with the operation of the lasers 44 and 
56. From the distribution unit 86 mains electrical power 
is provided to the C0 2 laser 44 and He-Ne laser 56 as 
well as to a chiller unit 88 that serves to cool the C0 2 
laser 44. In addition, mains electrical power is also sup- 
plied to the stepping motor 66 and to a computer 90. 
Three AC/DC converters and associated voltage regu- 
lators provide regulated DC voltage supplies of 9v, 12v 
and 15v that are fed respectively to the He-Ne laser 56 
to facilitate the pumping mechanism, to a further inter- 
lock 92 that prevents premature firing of the COj laser 
44, and to the head unit 64 and in particular to the first 
and second galvanometers 72 and 74 to produce a pre- 
determined movement of the first and second mirrors 68 
and 70. 

The combined operational sequence of the marking 
apparatus 10 and the sensing module 12 is shown 
schematically in Figure 5 and commences with the com- 
puter 90 either calculating or performing a look-up to 
identify the next mark to be applied. Thus if the laser 
marking station is used to mark a number of bodies 
each with a sequential reference number the computer 
90 may calculate the next mark by adding the neces- 
sary increment to the reference number that constituted 
the previous mark. Alternatively, at the start of a batch 
or during more complicated marking sequences, the 
computer 90 may identify the next mark from one of a 



pre-programmed list of marks contained in a suitable 
memory device. However the next mark is identified, it 
may be displayed on an operator's console along with 
other information such as the number of bodies marked 

5 in a particular batch, the average line speed of the bod- 
ies transported past the sensing module 12 and any 
other desired information. 

Having identified the mark to be applied to the mov- 
ing body 26, the computer 90 calculates the vectors 

io necessary to trace out the mark assuming the body 26 
to be stationary at the time of marking. These vectors 
are transformed into an electrical signal that if used to 
modulate the 15v DC supply applied to the first and sec- 
ond galvanometers 72 and 74 would produce a series of 

15 movements of the first and second mirrors 68 and 70 
capable of moving the focus of an actuated laser beam 
in such a way as to trace out the desired mark. 

As the body to be marked is transported to the laser 
marking station by means of the conveyor belt 16 the 

20 position of the moving body 26 relative to the fixed side 
rail 20 may be altered by means of adjusting screw 24. 
Typically adjusting screw 24 is used to narrow the effec- 
tive width of the conveyor belt 1 6 adjacent the first open- 
ing 28 in the protective housing 14. In this way the 

25 effective width of the conveyor belt 1 6 is made not much 
wider than the moving body 26 itself thereby providing a 
degree of control over the lateral distance between the 
body to be marked and the various components of the 
sensing module 12 and the marking apparatus 10. 

30 All this time the sensing module 1 2 is used to detect 
the approach of the body to be marked. As the body 26 
reaches opto-d elector 32 its leading-edge obstructs the 
optical path between the light source 36, the retro- 
reflector 40 and the detector 38 causing the quantity of 

35 light detected to fall below a preset threshold value. As 
a result an appropriate signal is generated and sent to 
the computer 90 whereupon a clock is actuated. This 
clock is not stopped until a time t t later when the lead- 
ing-edge of the moving body 26 is detected in the same 

40 way at the second opto-detector 34. Since the two opto- 
deteclors 32 and 34 are a known distance d-i apart, the 
velocity v of the body to be marked maybe readily calcu- 
lated by dividing the known distance d 1 by the time t 1 
measured by the clock. Thus: 

45 




so In order to provide a compact apparatus capable of 
marking bodies moving at relatively high line speeds, 
the distance d^ between the two opto-d etectors 32 and 
34 is preferably made as small as possible. In the limit- 
ing case opto-detector 34 is caused to abut opto-d etec- 

55 tor enabling 6^ to be reduced to a value of 1mm. Even 
at such small distances the oscillator that forms the 
basis of the clock is capable of in excess of 5 clock 
cycles during a typical time interval 1i so that the reduc- 
tion in d 1 does not have a discernable effect on the 
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accuracy to which the velocity v maybe measured. 

Having passed the second opto-detector 34, the 
body to be marked continues to be transported by the 
conveyor belt 1 6 until at a time t 2 later it is adjacent the 
marking apparatus 10. Since the second opto-detector 
34 and the marking apparatus 10 are again a known 
distance d 2 apart, the lime t 2 maybe calculated by divid- 
ing the distance o^ by the velocity v of the moving body 
26. Thus: 

2 v 



Or: 

Again, in order of provide a compact apparatus, the 
distance dg maybe decreased to a minimum ultimately 
limited by the computing power of the computer 90 but 
which is typically of the order of 5mm. 

Using the above equation, the computer 90 calcu- 
lates the estimated time of arrival t 2 of the body to be 
marked adjacent the marking apparatus 10. This time 
interval however represents the time at which the lead- 
ing-edge ol the body 26 is adjacent the marking appara- 
tus 10 and so, unless the desired mark is to be applied 
at the leading-edge, a further delay &t is added to the 
time interval 1 2 to yield a time t 3 at which that portion of 
the body 26 to be marked is adjacent the marking appa- 
ratus 10. 

At a time t3 after the signal generated by the second 
opto-detector 34 the C0 2 laser 44 is actuated and the 
combined C0 2 /He-Ne beam 46, 58 focused at the esti- 
mated position of the surface of the body 26. At the 
same time an electrical signal is generated to modulate 
the 15v DC supply applied to the first and second galva- 
nometers 72 and 74 that not only reproduces the vec- 
tors necessary to trace out the desired mark but also 
includes a superimposed component that compensates 
for the movement of the body 26 at the velocity v. The 
modulated 15v DC supply produces a series of move- 
ments of the first and second mirrors 68 and 70 that 
direct the focus of the combined C0 2 /He-Ne beam 46, 
58 so as to trace out the desired mark whilst at the same 
time moving the mark as it is being traced with a velocity 
v thereby enabling real time dynamic scanning to take 
place. 

After the body 26 has been marked it continues to 
be transported by the conveyor belt 16 and passes out 
the protective housing 14 and away from the laser mark- 
ing station by way of the second opening 30. The 
marked body 26 may thereafter be transported to fur- 
ther processing stations if required whilst the computer 
90 calculates the next mark to be applied and the oper- 
ational sequence begins all over again. 



It will be apparent to those skilled in the art that as 
the body 26 moves past the marking apparatus 10, the 
distance between the lens assembly 76 and that portion 
of the surface of the body 26 that is to marked is subject 

s to constant change. Even if the body 26 were to be sta- 
tionary when marked, if the desired mark were of a suf- 
ficient size any curvature of the body 26 would also give 
rise to differing distances between the lens assembly 76 
and various points on the surface. On top of this, suc- 

10 cessive bodies to be marked may be placed on the con- 
veyor belt 16 at different distances from the fixed side 
rail 20 despite a narrowing of the effective width of the 
conveyor belt 16 prior to the laser marking station, rf, as 
has been described, the first lens element 78 is of a 

is fixed focal length, each of the above factors will contrib- 
ute to parts of the mark applied to the body being more 
or less out of focus. However, with the careful selection 
of the focal length of the lens element 78 this problem 
maybe reduced to a minimum. 

20 As has been previously stated, the focal length of 
the first lens element 78 is typically between 70mm and 
80mm and is capable of focusing the combined 
C0 2 /He-Ne beam 46, 58 so as to yield at the focus a 
power density that is typically in excess of 300 W/cm 2 . 

25 Having said that however, for a lens element having a 
focal length within this range, the power density at a 
small distance 5x from the focus is still sufficient to 
cause thermal interactions to occur within the body to 
be marked. In a preferred embodiment the lens element 

30 78 has a focal length of 75mm enabling 6x for glass to 
be as large as 5mm, although the size of &x is, of 
course, dependant upon the material of which the body 
26 is comprised. Using such a lens however, the appa- 
ratus described may efficiently mark moving bodies 

35 whose surfaces lie within a small range of distances 
either side of an optimum distance from the lens assem- 
bly 76. 

Alternatively, or in addition, a second lens element 
92 maybe placed in series with the first lens element 78 

40 in order to compensate for one or more of the de-focus- 
ing effects described above. Such a lens element 92 
may possess a focal length that varies across its width 
and may, for example, comprise a flat field lens so as to 
compensate for any curvature of the surface of the body 

45 to be marked. 

In another arrangement the lens assembly 76 may 
include a third lens element 94 in the form of a zoom 
lens whose focal length may be altered as the body to 
be marked passes the marking apparatus 10 thereby 

so maintaining the focus of the combined CO^He-Ne 
Beam 46, 58 at the desired poinl on the surface of the 
body 26 in spite of the de-focusing effects described 
above. 

In yet a further arrangement, in place of the second 
ss lens element 92 and or the third lens element 94 there 
may be disposed a fourth lens element 95 (not shown) 
taking the form of a diverging lens. The fourth lens ele- 
ment 95 of focal length f 2 is preferably disposed a dis- 
tance f 2 in front of the focus that would otherwise be 
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produced by the first lens element 78. In this way the 
fourth lens element 95 produces a narrow parallel beam 
of high energy density radiation which may be directed 
at the moving body 26 to produce an illuminated spot on 
the surface thereof. Provided that the narrow beam has 
a sufficient power density it may be used to facilitate the 
surface marking of the moving body 26 whilst at the 
same time not being prone to any of the de-focusing 
effects described above. 

In a second embodiment shown in Figure 6, the 
marking apparatus 10 is again designed to facilitate the 
surface marking of a moving body of material 26 except 
that rather than superimposing a component that com- 
pensates for that movement on the already complex 
movement of the first and second mirrors 68 and 70. the 
movement of the body 26 is entirely compensated for by 
a fifth reflecting surface 96. 

The fifth reflecting surface 96 is rotatably mounted 
about an axis 98 and is positioned so as to direct on to 
the moving body 26 the combined CC^/He-Ne beam 46, 
58 that is incident upon it as a result of a reflection from 
the second mirror 70. As the body to be marked passes 
the marking apparatus 10, the fifth reflecting surface 96 
rotates about the axis 98 in such a way as to keep the 
combined C0 2 /He-Ne beam 46, 58 directed upon the 
moving body 26. 

The fifth reflecting surface 96 preferably comprises 
the mirror of a third galvanometer 100 (not shown). In 
this way the movement of the fifth reflecting surface 96 
may be facilitated with the same speed of response and 
ease of control as enjoyed by the first and second mir- 
rors 68 and 70. Under such circumstances, when the 
C0 2 laser 44 is actuated and the 15v DC supply applied 
to the first and second galvanometers 72 and 74 is mod- 
ulated to produce the pre-determined movement of the 
first and second mirrors 68 and 70, a separate 15v DC 
supply may be applied to the third galvanometer 100 
and modulated in accordance with the previously meas- 
ured velocity characteristic of the moving body 26. As 
before, the combined effect of the movement of the mir- 
rors of the three galvanometers 72,74 and 1 00 is to ena- 
ble the real time dynamic scanning of the moving body 
26 by the combined CO^e-Ne beam 46,58. 

In Figure 6 the fifth reflecting surface 96 is shown 
disposed between the second mirror 70 and the lens 
assembly 76 although it will be apparent to those skilled 
in the art that the fifth reflecting surface 96 may equally 
well be disposed at other points along the optical path of 
the combined C0 2 /He-Ne beam 46. 58. such as, for 
example, immediately after the lens assembly 76. 

In a third embodiment which is similar to th e second 
in that the compensation for the movement of the body 
26 is made separately from the generation of the mark 
itself, the fifth reflecting surface 96 is replaced by a 
multi-faceted mirror 102 as shown in Figure 7. As with 
the fifth reflecting surface 96, the mutb-faceted mirror 
102 is rotatably mounted about an axis 104 and posi- 
tioned so as to direct on to the moving body 26 the com- 
bined C0 2 /He-Ne beam 46,58 that is incident upon it as 



a result of a reflection from the second mirror 70. As the 
body to be marked passes the marking apparatus 10, 
the mufti -faceted mirror 102 rotates about the axis 104 
in such a way as to keep the combined COyHe-Ne 

5 beam 46.58 directed upon the moving body 26. 

The advantage of this third embodiment as distinct 
from the second embodiment described above is that 
once the moving body 26 has been marked, the multi- 
faceted mirror 102, unlike the fifth reflecting surface 96 

10 of the second embodiment, does not need to rotate rap- 
idly about the axis 104 in either sense in order to be 
appropriately aligned for the next body to be marked. 
Instead, the multi-faceted mirror 102 may continue to 
rotate in the same sense and at such a speed as to ena- 

is ble the combined C0 2 /He-Ne beam 46,58 to be 
directed onto the next body to be marked by virtue of a 
reflection from a different surface of the multi-faceted 
mirror 102. The shape of the multi-faceted mirror 102 
does however impose conditions on its own rotational 

20 speed which must be such as to ensure that it does not 
rotate through an angle greater than that subtended by 
the operative face during the time taken to mark the 
moving body 26. 

The rotation of the mufti-faceted mirror 102 may be 

26 controlled by the computer 90 once the velocity of the 
moving body 26 has been measured and the number of 
vectors required to trace out the desired mark is known 
since the latter enables a prediction of the necessary 
marking time while the former permits a calculation of 

30 the distance the body 26 will be transported while being 
marked. 

In Figure 7 the multi-faceted mirror 102 is shown 
disposed between the second mirror 70 and the lens 
assembly 76 although it will be apparent to those skilled 

35 in the art that the multi-faceted mirror 1 02 may equally 
well be disposed at other paints along the optical path of 
the combined COj/He-Ne beam 46, 58 such as, for 
example, immediately after the lens assembly 76. 
In a fourth embodiment of the marking apparatus 

40 10 shown in Figure 8, the movement of the body 26 is 
compensated for by a lateral movement of the entire 
head unit 64 and lens assembly 76. Having measured 
the velocity of the body to be marked, the head unit 64 
and lens assembly 76 is moved in a direction parallel to 

45 the moving body 26 under the action of a motor 1 06 (not 
shown). By moving the head unit 64 and lens assembly 
76 at the same velocity as the moving body 26 the rela- 
tive velocity between the two may be reduced to zero 
whilst the desired mark is applied. Once the moving 

so body 26 has been marked, the head unit 64 and lens 
assembly 76 are rapidly returned to their starting posi- 
tions, again under the action of motor 106 (not shown), 
so as to be ready for the next body to be marked. 

By ensuring that the combined COj/He-Ne beam 

55 46,58 that is reflected from the first mirror 68 travels in a 
direction parallel to the conveyor belt 16 before being 
reflected toward the moving body 26 at the second mir- 
ror 70. it will be apparent to those skilled in the art that 
only the second mirror 70 and the lens assembly 76 
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need be moved by the motor 1 06 (not shown) in order to 
achieve the desired effect. Indeed, rf the tens assembly 
76 were disposed in the optical path of the combined 
COa/He-Ne beam 46, 58 between the fourth reflecting 
surface 60 and the first mirror 68 then only the second 5 
mirror 70 would need to be moved by the motor 106. 

In a fifth embodiment one or more acousto-optic or 
electro-optic crystals 108 (not shown) may be disposed 
in the path of the beam 46,58 to compensate for the 
movement of the body 26. Crystals of these types pos* 10 
sess the property of being able to deflect an incident 
beam through cGffererrt angles depending on the value 
of a voltage applied thereto. Therefore by applying a 
suitably varying voltage to the crystals 108 (not shown) 
the combined COa/He-Ne beam 46.58 may continue to 15 
be directed at the moving body 26 as it passes the 
marking apparatus 10. 

It will also be apparent to those skilled in the art that 
in the light of the Applicants co-pending UK Patent 
Application No. 2247677 the apparatus descrtoed in 20 
relation to any of the foregoing embodiments may also 
be employed to facilitate the sub-surface marking of a 
moving body of material without substantial alteration. 

In the past, in order to produce an indelible mark 
manufacturers have relied almost exclusively on surface 25 
marking. However one of the fundamental problems 
with this type of marking is that it may either be 
destroyed by removing a part of the surface upon which 
the mark is applied or imitated by the application of an 
identical mark on substitute body. By use of apparatus 30 
similar to that already described a moving body of mate- 
rial may be provided with a sub-surface mark by direct- 
ing at the surface of the body a focused beam of high 
energy density laser radiation to which the material is 
transparent. The beam is focused at a location spaced 3s 
from the surface and within the body so as to cause 
localised ionisation of the material and the creation of a 
mark in the form of an area of increased opacity to elec- 
tromagnetic radiation substantially without any detecta- 
ble change at the surface. 40 

For the avoidance of doubt, the term transparent as 
used above with reference to the material to be marked 
refers to a materia) in which the high energy density 
beam can penetrate at least to the depth of the desired 
mark and as such includes translucent materials and 45 
materials such as coloured or smoked glass in which 
the transmission characteristic to electromagnetic radi- 
ation at wavelengths in the visible region has been 
reduced but not eliminated. The term transparent also 
includes materials which are opaque to electromagnetic so 
radiation at wavelengths in the visible region but which 
are at least capable of transmitting electromagnetic 
radiation at wavelengths within the same region of the 
electromagnetic spectrum as that of the high energy 
density beam. 55 

The possible types of interaction between laser 
radiation and a body of material may be categorised 
under three headings dependant upon the power den- 
sity of the laser radiation concerned. In order of increas- 



ing power density these headings are as follows: 

1. Photo-chemical interactions including photo- 
induction and photo-activation; 

2. Thermal interactions in which the incident radia- 
tion is absorbed as heat; and 

3. Ionising interactions which involve the non-ther- 
mal photo-decomposition of the irradiated material. 

The difference between the thresholds of these 
three interactions is clearly demonstrated by comparing 
the typical power density of 10* 3 W/cm 2 required to pro- 
duce a photo-chemical interaction with the power den- 
sity of 1 0 12 W/cm 2 typical of ionisation interactions such 
as photo-ablation and photo-disruption. 

For localised ionisation of the material to take place, 
the high energy density beam must possess sufficient 
energy to cleave molecular bonds and create a plasma 
at the point of focus. Once the beam has been removed, 
the plasma cools to form a localised zone of damage or 
disruption which scatters any electromagnetic radiation 
that is incident upon it with the result that the zone 
appears as an area of increased opacity. 

At present, the only commercially available lasers 
capable of inducing ionisation interactions are pulsed 
lasers having a peak energy that when focused, is suf- 
ficient to create a plasma within the material concerned. 
In order to facilitate tie sub-surface marking of a moving 
body therefore the source 48 of laser radiation 50 is 
preferably replaced by a laser having a power density at 
its focus of at least 10 7 W/cm 2 and a pulse duration of 
no more than 10" 6 seconds. In this way the energy den- 
sity of each pulse is at least 10 J/cm 2 and sufficient to 
induce localised ionisation of the material at the focus of 
the beam. 

ff the sub-surface mark is to be visible to the naked 
eye the body to be marked must be transparent to elec- 
tromagnetic radiation at wavelengths within the visible 
region. For example, the body may be of glass or plas- 
tics. The body to be marked however need not neces- 
sarily be limited in this way and may comprise a material 
that is opaque to electromagnetic radiation at wave- 
lengths within the visible region. Under these circum- 
stances the resulting sub-surface mark is hidden to the 
naked eye but maybe "seen" by optical instruments 
operating at an appropriate wavelength within the elec- 
tromagnetic spectrum such as that of the high energy 
density beam. While such a mark is not capable of per- 
forming many of the functions of its visible counterpart, 
it does represent a truly indelible covert mark. 

Assuming that the eventual sub-surface mark is 
intended to be visible to the naked eye and that there- 
fore the moving body 26 is of a material such as glass or 
plastics that are transparent to electromagnetic radia- 
tion within the visible region of the electromagentic 
spectrum, the source 48, in addition to the power con- 
straints identified above, must also be selected so that 
the material of the body 26 is transparent to the laser 
radiation 50 that it produces. Under these circum- 
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stances the source 48 preferably comprises a Nd-YAG 
(Neodymium-doped Yttrium Aluminium Garnet) laser 
operating at a wavelength of 1 .06|im. 

The remainder of the apparatus described need not 
be substantially altered in order to facilitate sub-surface s 
marking although the selection of the source 40 will of 
course have an effect on the choice of the optical ele- 
ments used to direct and focus the resulting laser radi- 
ating 50 since not all such elements will operate with the 
same efficiency at different wavelengths within the elec- io 
tromagnetic spectrum. It is however considered that the 
appropriate selection of elements falls within the ordi- 
nary expertise of one skilled in the art. 

When employed to facilitate the sub-surface mark- 
ing of a moving body, the lens assembly 76 may include is 
a third lens element 94 in the form of a zoom lens so 
that marks maybe made at different depths within the 
moving body 26 and so allow for the creation of three 
dimensional marks. 

It will be apparent to those skilled in the art that 20 
while the apparatus described includes means for 
determining the velocity of the moving body 26 this 
need not necessarily be so since a mechanical linkage 
may be incorporated in to the apparatus that imparts to 
the combined C0 2 /He-Ne beam 46,58 a component of 25 
movement equal to the velocity of the moving body 26 
without ever determining what that velocity is. 

Claims 

30 

1. A method of marking a succession of bodies (26) 
moving along a predetermined path (16) compris- 
ing the steps of directing a high energy density 
beam (46) at a body to be marked (26), concentrat- 
ing the beam (46) so as to produce an illuminated 35 
spot at a location on or within the moving body (26), 
moving said spot, and controlling the movement of 
the spot so that said movement is in accordance 
with the resultant of two components of movement, 

the first being equal to the velocity of the moving 40 
body (26) and the second being relative to the mov- 
ing body (26) so as to create a mark of a predeter- 
mined shape, characterised in that the method 
further comprises the steps of detecting the pres- 
ence of the body to be marked (26) at a predeter- 45 
mined location (1 2) along said path (1 6) prior to the 
step of directing the high energy density beam (46) 
at said body (26) and controlling the movement of 
the spot in response to the detection of the body 
(26) at said predetermined location (12) so that the so 
controlled movement is initiated in such a way that 
the spot impinges upon the body (26) at a desired 
location. 

2. A method in accordance with claim 1 , wherein there ss 
is included the additional step of determining the 
velocity of the moving body (26). 

3. A method in accordance with claim 2, wherein the 



velocity of the moving body (26) is determined by 
means of direct measurement as opposed to meas- 
uring the velocity of any means used to transport 
the moving body (26). 

4. A method in accordance with any preceding claim, 
wherein the high energy density beam (46) is 
directed at the moving body (26) by causing the 
path (16) of the moving body (26) to intersect the 
path of the actuated high energy density beam (46) 
and actuating the high energy density beam (46) at 
a predetermined time after the moving body (26) 
passes a position (12) a known distance from the 
point of intersection, that time being dependent 
upon the velocity of the moving body (26). 

5. A method in accordance with any preceding claim, 
wherein the high energy density beam (46) is 
brought to a focus at a location within the moving 
body (26) so as to cause localised ionisation of the 
material of which the body (26) is formed and the 
creation of a mark in the form of an area of 
increased opacity to electromagnetic radiation. 

6. A method in accordance with claim 5, wherein the 
moving body (26) is transparent to electromagnetic 
radiation at wavelengths within the visible region. 

7. A method in accordance with claim 5, wherein the 
moving body (26) is opaque to electromagnetic 
radiation at wavelengths within the visible region. 

8. A method in accordance with any preceding claim, 
wherein the mark comprises one or more numerals, 
letters, or symbols, or a combination thereof. 

9. A method in accordance with any preceding claim, 
wherein the mark is three dimensional. 

10. An apparatus for marking a succession of bodies 
(26) moving along a predetermined path (16) com- 
prising means (44) for creating a high energy den- 
sity beam (46) and directing the beam (46) at a 
body to be marked (26), means (76) for concentrat- 
ing the beam (46) so as to produce an illuminated 
spot at a location on or within the moving body (26), 
means (64) for moving said spot, and means (90) 
for controlling said moving means (64) to provide 
controlled movement of the spot in accordance with 
the resultant of two components of movement, the 
first being equal to the velocity of the moving body 
(26) and the second being relative to the moving 
body (26) so as to create a mark of a predeter- 
mined shape, characterised in that the apparatus 
further comprises means (32, 34) for detecting the 
presence of the body to be marked (26) at a prede- 
termined location (12) along said path (16), said 
means for controlling (90) being responsive to said 
means for detecting (32, 34) to initiate said controt- 
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led movement so that the spot impinges upon the 
body (26) at a desired location. 

11 . An apparatus in accordance with claim 10, wherein 
said means for moving the spot (64) includes 
means (68, 70) for moving the spot in accordance 
with said second of the two components of move- 
ment, said means (68, 70) comprising at least one 
moveable mirror disposed in the path of the beam 
(46). 

12. An apparatus in accordance with claim 1 1 , wherein 
the movement of said at least one moveable mirror 
(68, 70) is controlled in accordance with a computer 
program. 

13. An apparatus in accordance with claim 1 1 or claim 
12, wherein said at least one moveable mirror (68, 
70) is a galvanometer mirror. 

14. An apparatus in accordance with any of claims 11 
to 13, wherein said means (68, 70) for moving the 
spot in accordance with said second of the two 
components of movement is also capable of mov- 
ing the spot in accordance with said first of the two 
components. 

15. An apparatus in accordance with any of claims 11 
to 13, wherein said means for moving the spot (64) 
includes additional means (92, 102) tar moving the 
spot in accordance with said first of the two compo- 
nents of movement. 

16. An apparatus in accordance with claim 15, wherein 
said means for moving the spot in accordance with 
said first of the two components of movement 
includes at least one rotatably mounted mirror (102) 
whose speed of rotation is varied in accordance 
with the velocity of the moving body (26). 

17. An apparatus in accordance with claim 16, wherein 
said at least one rotatabry mounted mirror (102) is 
multi-faceted. 

18. An apparatus in accordance with claim 15, wherein 
said means for moving the spot in accordance with 
said first of the two components of movement 
includes at least one mirror (68, 70) moveable at 
the same velocity as the moving body (26). 

19. An apparatus in accordance with claim 15, wherein 
said means for moving the spot in accordance with 
said first of the two components of movement 
includes at least one acousto-optic or electro-optic 
crystal. 

20. An apparatus in accordance with any of claims 10 
to 19, wherein there is further provided means (32, 
34) for determining the velocity of the moving body 



(26). 

21. An apparatus in accordance with daim 20, wherein 
said means (32, 34) for determining the velocity of 
5 the moving body (26) is such as to determine the 
velocity of the moving body (26) directly as 
opposed to simply determining the velocity of any 
means used to transport the moving body (26). 

10 22. An apparatus in accordance with claim 21, wherein 
said means for determining the velocity of the mov- 
ing body (26) comprises two opto -detectors (32, 34) 
spaced a known distance apart and a clock for 
measuring the time for the moving body (26) to 

is travel between the two opto-detectors (32, 34). 

23. An apparatus in accordance with any of claims 10 
to 22, wherein the high energy density beam (46) is 
directed at the moving body (26) by causing the 

20 path (16) of the moving body (26) to intersect the 
path of the high energy density beam (46) when 
actuated and providing means to actuate the high 
energy density beam (46) at a predetermined time 
after the moving body (26) passes a position a 

25 known distance from the point of intersection, that 
time being dependant on the velocity of the moving 
body (26). 

24. An apparatus in accordance with any of claims 10 
30 to 23, wherein the means for concentrating the 

beam (76) includes a lens element (92) having a 
focal length that varies across its width. 

25. An apparatus in accordance with any of claims 10 
35 to 24, wherein the means for concentrating the 

beam (76) includes a zoom lens (94). 

26. An apparatus in accordance with any o1 claims 10 
to 24, wherein the means tor concentrating the 

40 beam (76) includes a diverging lens. 

27. An apparatus in accordance with any of claims 10 
to 26, wherein the mark comprises a surface mark. 

45 2& An apparatus in accordance with claim 27, wherein 
the means (44) for creating the high energy density 
beam (46) comprises a CO2 laser. 

29. An apparatus in accordance with any of claims 10 
so to 25, wherein the mark comprises a sub-surface 

mark. 

30. An apparatus in accordance with claim 29, wherein 
the means (44) for creating the high energy density 

55 beam (46) comprises a laser which is focused so as 
to have a peak energy density at the focus of at 
least 10 J/cm 2 . 

31. An apparatus in accordance with claim 29 a claim 
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30, wherein the means (44) for creating the high 
energy density beam (46) comprises a laser which 
is focused so as to have a power density at the 
focus of at least 10 7 W/cm 2 and is pulsed with a 
pulse duration of at least 1 0- 6 seconds. s 

32. An apparatus in accordance with any of claims 29 
to 31 , wherein the means (44) for creating the high 
energy density beam (46) comprises a Nd-YAG 
laser. io 

33. An apparatus in accordance with any of claims 10 
to 32, wherein there is further provided a secondary 
source (56) of visible laser radiation (58) to facilitate 
alignment of the high energy density beam (46). is 

34. An apparatus in accordance with any of claims 10 
to 33 wherein a conveyor belt (16) is provided to 
transport said moving body (26). 

20 

35. An apparatus in accordance with claim 34, wherein 
means (24) are provided to control the lateral posi- 
tion of the moving body (26) relative to the conveyor 
belt (16). 

25 

PalentansprOche 

1 . Verfahren zum Markierung einer Folge von Korpern 
(26), die sich tangs eines vorgegebenen Weges 
(16) bewegen, mit den Schritten: 30 
Richten eines Strahls (46) mit hoher Energiedichte 
auf einen zu markierenden Korper (26), Kbnzentrie- 
ren des Strahls (46) zum Erzeugen eines Leucht- 

f leeks an einer Stelle auf Oder in einem bewegten 
Korper (26), Bewegen des Flecks, und Steuern der 3$ 
Bewegung des Flecks derart, da 3 die Bewegung 
der Resultierenden von zwei Bewegungskompo- 
nenten erttspricht, von den en die erste gleich der 
Geschwindigkeit des bewegten Korpers (26) und 
die zweite eine Relativbewegung zu dem bewegten 40 
Korper (26) ist, um eine Markierung von vorgege- 
bener Form zu erzeugen, 

dadurch gekennzelchnet, da B das Verfahren fer- 
ner die Schritte aufweist: 

Detektieren des Vorhandenseins des zu markieren- 45 
den Korpers (26) an einer vorgegebenen Stelle (1 2) 
langs des Weges (16) vor dem Schritt des Richtens 
des Strahls (46) hoher Energiedichte auf den Kor- 
per (26), und Steuern der Bewegung des Flecks in 
Abhangigkeit von der Detektierung des Korpers so 
(26) an der vorgegebenen Stelle (12) derart, daB 
die Bewegung derart gestartet wird, daft der Fleck 
auf den Korper (26) an einer gewunschten Stelle 
auftrifft. 

55 

2. Verfahren nach Anspruch 1, 

das den zusatzlichen Schritt des Bestimmens der 
Geschwindigkeit des beweglen Korpers (26) 
umfaBt. 



3. Verfahren nach Anspruch 2, 

bei dem die Geschwindigkeit des bewegten Kor- 
pers (26) mtttete einer direkten Messung und ntcht 
durch Messung der Geschwindigkeit einer fOr den 
Transport des bewegten Korpers (26) benutzten 
Einrichtung erfolgt. 

4. Verfahren nach einem vorangehenden Anspruch, 
bei dem der Strahl (46) hoher Energiedichte auf 
den bewegten Korper (26) dadurch gerichtet wird. 
daB der Weg (16) des bewegten Korpers (26) den 
Weg des eingeschalteten Strahls (46) hoher Ener- 
giedichte kreuzt und daB der Strahl (46) hoher 
Energiedichte um eine vorgegebene Zeitspanne 
spater eingeschaltet wird, als der bewegte Korper 
(26) eine Position (12) durchlauft, die einen 
bekannten Abstand von dem Kreuzungspunkt hat, 
wobei die Zeitspanne von der Geschwindigkeit des 
bewegten Korpers (26) abhangt. 

5. Verfahren nach einem vorangehenden Anspruch, 
bei dem der Strahl (46) hoher Energiedichte auf 
einen Brennpunkt gebracht wird an einer Stelle 
innerhab des bewegten Korpers (26), so daB er 
eine otHiche lonisierung des Materials, aus dem 
der Kflrper (26) besteht. und die Erzeugung einer 
Marke bewirkt, die die Form einer Flache mit erhoh- 
ter Undurchtassigkert gegenuber elektromagneti- 
scher Strahlung hat. 

6. Verfahren nach Anspruch 5, 

bei dem der bewegte Korper (26) fur elektromagne- 
tische Strahlung bei Wellenlangen innerhalb des 
sichtbaren Bereichs transparent ist 

7. Verfahren nach Anspruch 5, 

bei dem der bewegte Korper (26) fur elektromagne- 
tische Strahlung bei Wellenlangen im sichtbaren 
Bereich undurchlassig ist. 

8. Verfahren nach einem vorangehenden Anspruch, 
bei dem die Markierung ein oder mehrere Zahlen, 
Buchstaben, Symbole, oder eine Kombination 
davon aufweist. 

9. Verfahren nach einem vorangehenden Anspruch. 
bei dem die Markierung dreidimensional ist 

10. Vorrichtung zum Markieren einer Folge von KOr- 
pern (26), die sich langs eines vorgegebenen 
Weges (16) bewegen, mit Mitteln (44) zum Erzeu- 
gen eines Strahls (46) hoher Energiedichte und 
zum Richten des Strahles (46) auf einen zu markie- 
renden KOrper (26), Mitteln (76) zum Konzentrieren 
des Strahls (46) zur Erzeugung eines Leuchtflecks 
an einer Stelle auf oder in dem bewegten Korper 
(26), Mitteln (64) zum Bewegen des Flecks, und 
Mitteln (90) zum Steuern der Bewegungsmittel (64) 
zur Erzeugung einer gesteuerten Bewegung des 
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Recks gemaB der Resultierenden zweier Bewe- 
gungstomponenten, von denen die erste gleich der 
Geschwindigkert des bewegten KOrpers (26) ist und 
die zwerte eine Belativbewegung zu dem bewegten 
KOrper (26) ist, zur Erzeugung einer MarWerung 5 
von vorgegebener Form, dadurch gekennzelch- 
net, daB die Vorrichtung ferner Mittel (32, 34} zum 
Detektieren des Vorhandenseins des zu markieren- 
den KOrpers (26) an einer vorgegebenen Stelie (1 2) 
langs des Weges (16) und Mittel (90) zum Steuern w 
aufweist. die auf die Detektiermittel (32, 34) 
ansprechen zum Auslosen der gesteuerten Bewe- 
gung derart, daB der Reck auf den KOrper (26) an 
einer gewunschten Stelle auftrrfft. 

15 

11. Vorrichtung nach Anspruch 10, 

bei dem die Mittel zum Bewegen des Recks Mittel 
(68, 70) zum Bewegen des Flecks entsprechend 
der zweiten der beiden Bewegungskomponenten 
aufweist und diese Mittel (68, 70) mindestens einen 20 
bewegiichen Spiegel aufweisen, der in dem Weg 
des Strahls (46) angeordnet ist. 

12. Vorrichtung nach Anspruch 1, 

bei dem die Bewegung des mindestens einen 25 
bewegiichen Spiegels (68, 70) entsprechend einem 
Computerprogramm gesteuert ist 

13. Vorrichtung nach Anspruch 11 oder 12, 

bei dem der mindestens eine bewegliche Spiegel 30 
(68, 70) ein Galvanometerspiegel ist. 

14. Verfahren nach einem der Anspruche 1 1 bis 13, 
bei dem die Mittel (68, 70) zum Bewegen des 
Recks gemaB der zweiten der beiden Bewegungs- ss 
kDmponenten auch zur Bewegung des Recks ent- 
sprechend der ersten der beiden Komponenten in 
der Lage sind. 

15. Vorrichtung nach einem der Anspruche 1 1 bis 13, 40 
bei dem die Mittel zum Bewegen des Flecks (64) 
zusatzliche Mittel (92, 102) zum Bewegen des 
Recks entsprechend der ersten der beiden Bewe- 
gungskomponenten aufweisen. 

AS 

16. Vorrichtung nach Anspruch 15, 

bei dem die Mittel zum Bewegen des Recks gemaB 
der ersten der beiden Bewegungskomponenten 
mindestens einen drehbar gelagerten Spiegel 
(102) umfassen, dessen Drehgeschwindrgkeit ent- so 
sprechend der Geschwindigkert des bewegten Kor- 
pers (26) variiert wird. 

17. Verfahren nach Anspruch 16. 

bei dem der mindestens eine drehbar gelagerte ss 
Spiegel (102) ein Mehrfacettenspiegel ist. 

18. Vorrichtung nach Anspruch 15, 

bei dem die Mittel zum Bewegen des Flecks gemaB 



der ersten der beiden Bewegungskomponenten 
mindestens einen Spiegel (68, 70) aufweisen. der 
mit der gleichen Geschwindigkert wie der bewegte 
KOrper (26) bewegbar ist. 

19. Vorrichtung nach Anspruch 15, 

bei dem die Mittel zum Bewegen des Flecks gemdB 
der ersten der beiden Bewegungskomponenten 
mindestens einen akusto-optischen oder elektro- 
optischen Kristall enthalten. 

20. Vorrichtung nach einem der AnsprOche 10 bis 19, 
bei der ferner Mittel (32, 34) zum Bestimmen der 
Geschwindigkert des bewegten KOrpers (26) vorge- 
sehen sind. 

21. Vorrichtung nach Anspruch 20. 

bei dem die Mittel (32, 34) zum Bestimmen der 
Geschwindigkert des bewegten KOrpers (26) derart 
sind, daB si e die Geschwindigkert des bewegten 
KOrpers (26) direkt erfassen und nicht einfach die 
Geschwindigkert einer zum Transport des beweg- 
ten KOrpers (26) benutzten Vorrichtung erfassen. 

22. Vorrichtung nach Anspruch 21, 

bei dem die Mittel zum Bestimmen der Geschwin- 
digkert des bewegten KOrpers (26) zwei Opto- 
Detektoren (32, 34) aufweisen, die in einem 
bekannten Abstand voneinander angeordnet sind, 
sowie eine Uhr zum Messen der Zert, die der 
bewegte KOrper (26) zwischen den beiden Optode- 
tektoren (32, 34) zurOcklegt. 

23. Vorrichtung nach einem der AnsprOche 10 bis 22, 
bei der der Strahl (46) mit hoher Energiedichte auf 
den bewegten KOrper (26) dadurch gerichtet wird, 
daB der Weg (16) des bewegten KOrpers (26) den 
Weg des Strahls (46) hoher Energiedichte kreuzt, 
wenn dieser eingeschaltet ist, und daB Mittel vorge- 
sehen sind zum Einschaften des Strahls (46) hoher 
Energiedichte, urn eine vorgegebene Zeitspanne 
nach dem ZeHpunkt, zu dem der bewegte KOrper 
(26) eine Position durchlauft, die einen bekannten 
Abstand von dem Kreuzungspunkt hat. wobei die 
Zeitspanne von der Geschwindigkert des bewegten 
KOrpers (26) abhangt. 

24. Vorrichtung nach einem der AnsprOche 10 bis 23, 
bei der die Mittel zum Konzentrieren des Strahls 
(46) ein Linsenelement (92) aufweisen, das eine 
Qber seine Breite veranderfiche Brennweite hat. 

25. Vorrichtung nach einem der AnsprOche 10 bis 24, 
bei der die Mittel zum Konzentrieren des Strahls 
(46) eine Zoomlmse (94) aufweisen. 

26. Vorrichtung nach einem der AnsprOche 10 bis 24. 
bei der die Mittel zum Konzentrieren des Strahls 
(46) eine Zerstreuungstinse aufweisen. 
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27. Vorrichtung nach einem der Anspruche 10 bis 26, 
bei der die Markierung eine Oberflachenmarkie- 
aing ist 

28. Vonichtung nach Anspruch 27, 

bei der das Mittel (44) zum Erzeugen des Strahls 
(46) hoher Energiedicnte ein C0 2 -Laser ist. 

29. Vorrichtung nach einem der Anspruche 10 bis 25, 
bei der die Markierung eine unter der Oberflache 
liegende Markierung ist. 

30. Vorrichtung nach Anspruch 29, 

bei der das Mittel (44) zum Erzeugen des Strahls 
(46) hoher Energiedchte ein Laser ist, der so 
fokussiert ist, daB er eine maximale Energiedicnte 
am Brennpunkt von mindestens 10J cm 2 hat 

31. Vorrichtung nach Anspruch 29 oder 30, 

bei der das Mittel (44) zum Erzeugen des Strahls 
(46) hoher Energiecfichte ein Laser ist, der so 
fokussiert ist, da (3 er eine Leistungsdichte im 
Brennpunkt von mindestens 10 7 W/cm 2 hat und mrt 
einer Pulsdauer von mindestens 10" 6 sec gepulst 
ist. 

32. Vorrichtung nach einem der Anspruche 29 bis 31 , 
bei der das Mittel (44) zum Erzeugen des Strahls 
(46) hoher Energiedicnte ein ND-YAG-Laser ist. 

33. Vorrichtung nach einem der Anspruche 10 bis 32, 
bei der ferner eine zwerte Quelle (46) fur sichtbare 
Laserstrahlung (68) vorgesehen ist zum Erleichtern 
der Ausrichtung des Strahls (46) hoher Energie- 
dicnte. 

34. Vorrichtung nach einem der Anspruche 10 bis 33, 
bei der ein Forderband (16) zum Transportieren 
des bewegten KOrpers (26) vorgesehen ist. 

35. Vorrichtung nach Anspruch 34, 

bei der Mittel (24) vorgesehen sirtd zum Steuern 
der seitJichen Position des bewegten Kfirpers (26) 
relativ zum Fflrderband (16). 

Revendications 

1. Procede de marquage d'une succession de corps 
(26) se deplacant le long d'une trajetoire predeter- 
minee (16), comprenant les etapes consistant a 
dinger un faisceau a haute densite d'energie (46) 
sur un corps devant 6tre marque (26), concentrer le 
faisceau (46) de man i ere a produire un spot eclaire 
en un emplacement situe sur ou dans le corps 
mobile (26), deplacer ledrt spot et commander le 
deplacement du spot de maniere que (edit deplace- 
ment corresponde a la resultante de deux compo* 
santes de deplacement, ta premiere elant egate a 
la Vitesse du corps mobile (26) et la seconde elant 



relative par rapport au corps mobile (26) de 
maniere a creer une marque ayant une forme pre- 
determinee, caracterise en ce que le procede com- 
prend, en outre, les etapes consistant a detector la 

5 presence du corps devant etre marque (26) en un 
emplacement predetermine (12) le long dudit trajet 
(16) avant I'etape consistant a dinger le faisceau a 
haute densite d'energie (46) sur ledrt corps (26), et 
commander le deplacement du spot en reponse a 

to la detection du corps (26) audit emplacement pre- 
determine (12) de sorts que le deplacement com- 
mands est declenche de maniere que le spot 
rencontre le corps (26) en un emplacement desire. 

is 2. Procede selon la revendication 1 dans lequel il est 
prevu I'etape addrtionnelle consistant a determiner 
la vitesse du corps mobile (26). 

3. Procede selon la revendication 2, dans lequel la 
20 vitesse du corps mobile (26) est determinee au 
moyen d'une mesure directe, contrairement a la 
mesure de la vitesse de tout moyen utilise pour 
transporter le corps mobile (26). 

25 4. Procede selon Tune quelconque des revendications 
precedentes, dans lequel on dirige le faisceau a 
haute densite d'energie (46) sur le corps mobile 
(26) en amenant la trajectoire (16) du corps mobile 
(26) a croiser la trajectoire du faisceau a haute den- 

30 site d'energie active (46) et on active te faisceau a 
haute densite d'energie (46) au bout d'un intervalle 
de temps predetermine apres que le corps mobile 
(26) a franchi une position (12) srtuee a une dis- 
tance connue du point dlntersection, cet intervalle 

35 de temps dependant de la vitesse du corps mobile 
(26). 

5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel le faisceau a haute den- 

40 site d'energie (46) est focal tse en un emplacement 
situe a I'irrterieur du corps mobile (26) de maniere a 
provoquer une ionisation localisee du materiau 
dorrt le corps (26) est forme, et la creation d'une 
marque sous la forme d'une zone cfopacite accrue 
45 vis-a-vis du rayonnement electro-magnetjque. 

6. Procede selon la revendication 5, dans lequel le 
corps mobile (26) est transparent pour le rayonne- 
ment electromagnetique pour des longueurs 

so d'onde srtuees dans la gamme visible. 

7. Procede selon la revendication 5, dans lequel le 
corps mobile (26) est opaque vis-a-vis du rayonne- 
ment electromagnetique pour des longueurs 

55 d'onde srtuees dans la gamme visible. 

8. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la marque comprend un 
ou plusieurs chrffres, lettres ou symboles ou une 
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combinaison de tels elements. 

9. Precede selon I'un e quelconque des revendicalions 
precedentes, dans lequel la marque est tridimen- 
sionneDe. s 

10. Dispositrf pour marquer une succession de corps 
(26) se deptacant sur une trajectoire pr6d6termin6e 
(16), comprenant des moyens (44) pour cr6er un 
faisceau a haute densite d'energie (46) et diriger le 10 
faisceau (46) sur un corps devant §tre marque (26), 
des mo/ens (76) pour concentrer le faisceau (46) 

de maniere a produire un spot eclair6 en un empla- 
cement srtu6 sur ou dans le corps mobile (26), des 
moyens (64) pour deplacer ledit spot, et des is 
moyens (90) pour commander lesdits moyens 
mobiles (64) de maniere a obtenir un defacement 
commande du spot en fonction de la resuftante de 
deux composantes de deplacement, la premiere 
etant egale a la vitesse du corps mobile (26) et la so 
seconde etant relative par rapport au corps mobile 
(26) de maniere a creer une marque ayant une 
forme predetenminee, caracterise en ce que lappa- 
reil comporte. en outre, des moyens (32,34) pour 
detecter la presence du corps devant §tre marque 25 
(26) en un emplacement predetermine (12) le long 
de ladrte trajetoire (16), lesdits moyens de com- 
mando (90) etant aptes a repondre auxdits moyens 
de detection (32.34) pour deciencher ledit deplace- 
ment commande de sorte que le spot rencontre le so 
corps (26) en un emplacement desire. 

11. DisposrtH selon la revendication 10. dans lequel les- 
dits moyens de. deplacement du spot (64) com- 
prennertt des moyens (68,70) pour deplacer le spot 3s 
en fonction de ladrte seconde des deux composan- 
tes de deplacement, lesdrts moyens (68,70) com- 
prenant au morns un miroir mobile dispose sur le 
trajet du faisceau (46). 

40 

12. DisposrtH selon la revendication 11, dans lequel le 
deplacement au moins dudit miroir mobile (68,70) 
est commande en fonction d'un programme d'ordi- 
nateur. 

45 

13. Dispositif selon la revendication 11 ou 12, dans 
lequel au moins ledit miroir mobile (68,70) est un 
miroir galvanom6trique. 

14. DisposrtH selon I'une quelconque des revendica- so 
tions 11 a 13, dans lequel lesdits moyens (68,70) 
pour deplacer le spot conformement a ladrte 
seconde des deux composantes de deplacement 
sont egalement capables de deplacer le spot con- 
formement a ladrte premiere des deux composan- 55 
tes. 

15. Dispositrf selon I'une quelconque des revendica- 
tions 11 a 13, dans lequel lesdits moyens pour 



deplacer le spot (64) comprennent des moyens 
additionnels (92, 102) pour deplacer le spot confor- 
mement a ladrte premiere des deux composantes 
de deplacement 

1 6. Dispositif selon la revendication 1 5, dans lequel les- 
dits moyens pour deplacer le spot en fonction de 
ladrte premiere des deux composantes de deplace- 
ment comprennent au moins un miroir monte rotatif 
(102) dortt la vitesse de rotation est modrfiee en 
fonction de la vitesse du corps mobile (26). 

17. Dispositif selon la revendication 16, dans lequel au 
moins ledit miroir monte rotatif (102) est a facettes 
multiples. 

18. Dispositrf selon la revendication 1 5, dans lequel les- 
dits moyens pour deplacer le spot en fonction de 
ladrte premiere des deux composantes de deplace- 
ment comprennent au moins un miroir (68,70) 
deplacable a la meme vitesse que le corps mobile 
(26). 

19. Dispositif selon la revendication 1 5, dans lequel les- 
dits moyens pour deplacer le spot en fonction de 
ladrte premiere des deux composantes de deplace- 
ment comprennent au moins un cristal acousto- 
optique ou electro-optique. 

20. Dispositif selon I'une quelconque des revendica- 
tions 10 a 19, dans lequel il est, en outre, pr6vu des 
moyens (32,34) pour determiner la vitesse du corps 
mobile (26). 

21. Dispositif selon la revendication 20, dans lequel les- 
dits moyens (32,34) pour determiner la vitesse du 
corps mobile (26) sont aptes a determiner la 
vitesse du corps mobile (26) directement a f oppose 
de la simple determination de la vitesse d'un rnoyen 
quelconque utilise pour transporter le corps mobile 
(26). 

22. Dispositif selon la revendication 21 , dans lequel les- 
dits moyens de determination de la vitesse du 
corps mobile (26) comprennent deux detecteurs 
optiques (32,34) separ6s par une distance connue, 
et une horloge pour mesurer la duree de deplace- 
ment du corps mobile (26) entre les deux detec- 
teurs optiques (32,34). 

23. Dispositif selon I'une quelconque des revendica- 
tions 10 a 22, dans lequel le faisceau a haute den- 
site d'energie (46) est dirige sur le corps mobile 
(26) de maniere a amener la trajectoire (16) du 
corps mobile (26) a croiser la trajectoire du faisceau 
a haute densite d'energie (46) lorsqu'il est actionne, 
et il est prevu des moyens pour actionner le fais- 
ceau a haute densite d'energie (46) au bout d'un 
intervalle de temps predetermine apres que le 
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corps mobile (26) a franchi une position situee a 
une distance connue du point dlntersection, cat 
intervalle de temps dependant de la Vitesse du 
corps mobile (26). 

24. Dispositif selon Tune quelconque des revendica- 
tions 10 a 23, dans iequel les moyens pour concen- 
trer le faisceau (76) comprennent un element de 
lentille (92) poss6dant une distance locale qui varie 
sur i'etendue en targeur de cet element 



tons 10 a 32, dans iequel une bande convoyeuse 
(16) est prevue pour transporter ledit corps mobile 
(26). 

5 35. Dispositif selon la revendication 34, dans Iequel des 
moyens (24) sont prevus pour commander la posi- 
tion laterale du corps mobile (26) par rapport a la 
bande convoyeuse (16). 



25. Dispositif selon Tune quelconque des revendica- 
tions 10 a 24, dans Iequel les moyens de concen- 
tration du faisceau (76) component une lentille de 
zoom (94). is 



26. Dispositif selon I'une quelconque des revendica- 
tions 10 a 24, dans Iequel les moyens de concen- 
tration du faisceau (76) comprennent une lentille 
divergente, 20 



27. Dispositif selon I'une quelconque des revendica- 
tions 10 a 26, dans Iequel la marque comprend une 
marque de surface. 

28. Dispositif selon la revendication 27. dans Iequel les 
moyens (44) pour creer le faisceau a haute density 
d'energie (46) comprennent un laser a CO2. 



29. Dispositif selon I'une quelconque des revendica- so 
tions 10 a 25, dans Iequel la marque comprend une 
marque situee au-dessous de la surface. 



30. Dispositif selon la revendication 29, dans Iequel les 
moyens (44) servent a creer le faisceau a haute 3S 
densite d'energie (46) comprennent un laser qui est 
focalise de maniere a posseder une densite d'ener- 
gie de points au foyer d'au moins 10 J/cm 2 . 



31. Dispositif selon la revendication 29 ou 30, dans 40 
Iequel les moyens (44) pour creer le faisceau a 
haute densite d'energie (46) comprennent un laser 
qui est focalise de maniere a posseder une density 
de puissance au foyer d'au moins 10 7 W/cm 2 et est 
pulse avec une duree d'impulsion d'au moins 10~ 6 *s 
seconde. 



32. Dispositif selon I'une quelconque des revendica- 
tions 29 a 31, dans Iequel les moyens (44) pour 
creer le faisceau a haute density d'energie (46) so 
comprennent un laser Nd-YAQ. 



33. Dispositif selon I'une quelconque des revendica- 
tions 1 0 a 32, dans Iequel il est, en outre, prevu une 
source secondaire (56) d'un rayonnement laser 55 
visible (58) pour faciliter I'alignement du faisceau a 
haute densite d'energie (46). 



34. Dispositif selon I'une quelconque des revendica- 
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